USAARL Report No. 2004-22

Evaluation of the Seattle Photonics
_ Light Shape Diffuser

September 2004

Approved for public release, distribution unlimited.

U.S. Army

005 0 ’\ 0 Lh 0 AU B | Acromedical Rescarch




Notice

Qualified requesters

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC),
8725 John J Kingman Road, Suite 0944, Fort Belvoir, Virginia 22060-6218. Orders will be
expedited if placed through the librarian or other person designated to request documents from
DTIC.

Chanege of address

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on
automatic mailing lists should confirm correct address when corresponding about laboratory
reports.

Disposition
Destroy this document when it is no longer needed. Do not return it to the originator.
Disclaimer

The views, opinions, and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy, or decision,
unless so designated by other official documentation. Citation of trade names in this report does
not constitute an official Department of the Army endorsement or approval of the use of such
commercial items.



REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

September 2004 = |Final

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Evaluation of the Seattle Photonics Light Shape Diffuser

6. AUTHOR(S)
Raatz, Maria E., Beasley, Howard H., Harding, Thomas H., UES, Inc., and
Rash, Clarence E., USAARL

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Army Aeromedical Research Laboratory REPORT NUMBER

P.O. Box 620577 ‘ :

Fort Rucker, AL 36362-0577 2004-22

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
U.S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER

504 Scott Street
Fort Detrick, MD 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release, distribution unlimited.

13. ABSTRACT (Maximum 200 words)

Under a Cooperative Research Development Agreement between Seattle Photonics (Seattle, Washington) and the U.S. Army
Aeromedical Research Laboratory (Fort Rucker, Alabama), a novel product called the Seattle Photonics' Light
Homogenizing Sheet (LHS) is evaluated for use as a backlight in helmet-mounted display designs. The LHS is designed to
spread the light from a source uniformly over a well-defined area with high light efficiency. Seattle Photonics provided two
demonstration units (DEMO 1 and DEMO 2). The Seattle Photonics LHS contained in both DEMO 1 and DEMO 2
produced greater illumination uniformity and light efficiency than did a comparable device representing current technology.
In the evaluation, the LHS in both DEMO 1 and DEMO 2 produced approximately 1.7 to 1.9 times greater light efficiency
than did the comparison device. The illumination from the LSD screen is best described as a Gaussian distribution and
produces a more highly uniform light distribution.

14. SUBJECT TERMS 15. NUMBER OF PAGES
helmet-mounted display, backlight, light uniformity 8
16. PRICE CODE
17. SECURITY CLASSIFICATION |18. SECURITY CLASSIFICATION |19. SECURITY CLASSIFICATION (20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT -
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR
-280- Standard Form 298 (Rev. 2-89
NSN 7540-01-280-5500 Proscribed by ANS! S, 730:18 298-102 USAPRCV1.00




Table of contents

Page
INETOQUCLION «..vveetentstcctcreres ettt e as s s s et s st et eeesseesesseesssess s sesenes 1
Evaluation of DEMO 1: Light €ffiCIeNCY ....cceveuererrrrerrceriecnesresiiseecseseseesssssssessesssssssssssessssens 1
Evaluation of DEMO 2: TIlumination UnifOrmity ..........ceevvivicecciscseererescenessssssmerssssssssssesssesens 3
SUMMAry and diSCUSSION........ccecurereereeerresntisetrseseasesesessesssesetssssssesssssessssssssssessesessessnsssnssssssans 7
Appendix - List Of MANUFACLUTETS ...cvevevevevreerecieiererieeseseecscsessissseeeeesensaeeeeeessesessssesssssesasesssssssssessoes 8
List of figures

1. DEMO 1 unit showing the slide-out holders for the two diffusion screens and

the POWET SUPPLY ....eerierecmcuriiceririaeeste e eaess e essss s ssssassssesesenesessessesessssesassessnsnsssssans 1
2. Diagram profile for DEMO 1 with an aperture set at best focus for the Hexagonal LHS

output to the illumination plane with LHS (A) Hexagonal Circumscribed Case and

LHS (B) Hexagonal INSCTIDEA CaSE .....oveuievvriereeieeereeerenieeeeeesseressssessessessessesessessssssssssesesssns 2
3. DEMO 1 unit MEaSUTEIMENT SELUD ....veverierrerreresereresesessesisesesseseseeseresssesessesssessssesesessssesssssssssoes 3
4. Light profiles from the 10 LEDs for DEMO 1 with the LSD (A) and the LHS (B)

1N the HHGHE PAth....euceieieiiiicirc ettt seassss st s ese e teesesessasesessas e s s 4
5. Line profiles of the horizontal and vertical meridians for the light profiles shown

INFIGUIE 2 oottt s et se b s s sas sttt e s e e s e s et s e s s s ee s ss e 4
6. DEMO 2 unit showing the slide-out holders for the two diffusion screens and the

POWET SUPDLY ettt v s ssses s s sse s e seesee e nesasnsesssssseesenseesneas 5
7. Photograph image of the photodiode, the concave lens and neutral density

SELUD crrtiintitetne ettt sttt n e bbb rea b b ene s e s e nesaasneeneennan 5
8. Line profiles for the horizontal and vertical angular positions versus light

INEENISILY 1oververirersersrentenisiscsescsetese sttt sss et s e b se s s besssesess s snensesssseseneesenesssessssesseenens 6
9. Line profiles for 1-LED horizontal and vertical angular positions versus light

INEETISIEY weuvurvriviritiiiess e ensese e s etstsssasaesesesss e s s sssssassesessssssanesesaeesesessssessesesasesessesssssssseseeens 6

List of tables

1. DEMO 1 unit system light efficiencies for LHS and LSD ......c.c.oeeeereeveeeeesererreeereresenn, 2




Table of contents (continued)

List of tables (continued)

Page
2. DEMO 2 unit system light efficiencies for LHS and LSD ........ rteesetsenrssnssnessssanasaan SRR |
3. Standard deviations for the best Gaussian fits to the LSD line profiles shown
in Figure 8 ..veveeeceereenene crreesessressssaaens reeereerneesenernesnnans reessereeseessneseasanes ereteerreenenenaneenres 6
4. Standard deviations for the best Guassian fits to the LSD line profiles shown
in Figure 9 ............. SO SO ceennnes rererreren e eaeaens SRS 6




Introduction

As part of the Cooperative Research and Development Agreement between Seattle Photonics
(Seattle, Washington) and the U.S. Army Aeromedical Research Laboratory (Fort Rucker,
Alabama), the following evaluation of the Seattle Photonics’ Light Homogenizing Sheet (LHS)
is provided. The LHS is designed to take a light source and spread the light from the source
uniformly over a well-defined area with high light efficiency. This technology, if proven useful,
could have applications in various technological areas (e.g., uniform backlights for liquid crystal
displays, imaging technologies, etc.). Seattle Photonics provided two demonstration units for
this evaluation.

The first demonstration unit (DEMO 1; Figure 1) consisted of two 30-degree diffusion
screens, a lens, and an array of light emitting diodes (LEDs) as the light source. One of the
screens was the LHS, and the other was a Light Shape Diffuser (LSD™) from Physical Optics
Corporation (Torrance, California). The LSD was provided as it represents the current
technology used in diffusing light sources. The LED array allows for either one or ten LEDs to
be turned on at one time. Data were collected for both light conditions.

The second demonstration unit (DEMO 2; Figure 6) consisted of a 30-degree LSD, a 33-
degree LHS, and an LED array.

Figure 1. DEMO 1 unit showing the slide-out holders for the two
diffusion screens and the power supply.

Evaluation of DEMO 1: Light efficiency

DEMO unit 1 was constructed to test light efficiency. With the LHS screen in place, the
focusing lens projected a hexagon-shaped area that could be well focused. With the LSD in
place, best focus could not be achieved since the unit produced a Gaussian profile. Any linear
blurring of a Gaussian profile results in a Gaussian profile.



Light efficiency was measured under two conditions: Hexagonal Circumscribed and
Hexagonal Inscribed Case as shown in Figure 2. The measurements were taken by positioning
the DEMO 1 unit in front of the Melles Griot integrating sphere (model 13PDH003) with a
Melles Griot Universal Optical Power Meter (model 13PDC001). An aperture was positioned
between the integrating sphere and the DEMO unit as shown in Figure 3.

‘The light output from the selected light source (10-LED or 1-LED) was directed into the
integrating sphere. As defined, light efficiency is the light output through the LHS or LSD
screen divided by the total unfiltered light output, expressed as a percentage. Table 1 shews the
resulting system efficiencies for the LHS and the LSD screens.

The LHS had a greater light efficiency under all conditions. As expected, the data were
fairly consistent for the two light sources. The average LHS light efficiency was 66.5%
compared to only 38% for the LSD. As expected, the light efficiency of the LHS increased
greatly from 58% to 75% with increased aperture. The relative light efficiency ratio between
the LHS and LSD results ranged from 1.7 to 1.8 (refer to Table i)

We essentially found the same results with DEMO 2. For DEMO 2, the Ilght effic:lency ratio
between the LHS and LSD ranged from 1.8 to 1.9 when evaluated under the same settings. The
data are shown in Table 2.

Figure 2. Diagram profile for DEMO 1 with an aperture set at best focus for the Hexagonal
LHS output to the illumination plane with LHS (A) Hexagonal Circumscribed
Case and LHS (B) Hexagonal Inscribed Case. Same candztlons were applied fer

.the LSD.
; Table 1. ;
DEMO 1 unit system light efficiencies for LHS and LSD.
Hexagonal Circumscribed Case (A) | Hexagonal Inscribed Case (B)
10LED 1 LED 10LED 1 LED

LHS Efficiency 58 % 57 % 75 % 80 %

LSD Efficiency 32% ' 31% 44 % 49 %
Relative Utilization v
Eff LHS/LSD 1.8 1.8 1.7 | 1.7




Table 2.
DEMO 2 unit system light efficiencies for LHS and LSD.

Hexagonal Circumscribed Case (A) | Hexagonal Inscribed Case (B)
10 LED 1LED 10 LED 1 LED
LHS Efficiency 90 % 74 % 83 % 83 %
LSD Efficiency 52 % 40 % 47 % 44 %
Ratio of Utilization
Efficiencies (LHS/LSD) 1.8 1.8 1.8 - 19

.Aperture DEMO 1

Figure 3. DEMO 1 unit measurement setup.

Figure 4 shows the light profiles for the two screens using the 10-LED source. The images
were captured by projecting the light onto a rear-projection screen and photographing the light
distribution with a high resolution (10-bit gray level) CCD (charge coupled device) monochrome
camera (DVC-1310M-FW-TE) with a Schneider Variogon lens (CM123). The camera has good
linearity and a cooling unit that minimizes image noise. Using Matrox Image Inspector
software, the photographic images were analyzed to yield average line profiles through the
vertical and horizontal meridians. Figure 5 shows graphs of the line profiles for the light
profiles shown in Figure 4.

Evaluation of DEMO 2: Illumination uniformity

Figure 6 is a photograph of DEMO 2, which looks identical to DEMO 1. The only difference
is the lack of a focusing lens.

The DEMO unit was mounted on a fixed stage, was positioned some distance in front of the
DEMO unit, and has a concave lens with a photodiode located at the lens focal length. Light




from the DEMO unit was focused on the photodiode such that the light filled the collection area
of the diode. A neutral density filter also was placed in front of the concave lens to eliminate
over ranging. All were mounted on a rotating arm whose center of rotation was collocated with
the center of the last surface of the DEMO unit.

Figure 4. Light profiles from the 10 LEDs for DEMO 1 with the LSD (A)

and the LHS (B) in the light path.
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Figure 5. Line profiles of the horizontal and vertical meridians for the
light profiles shown in Figure 2. ‘
By rotating the arm that the photodiode, lens and filter were mounted on, light intensity was : >

measured as a function of angular position. Figure 7 presents the setup for the angular profile
measurement. Figure 8 shows the vertical and horizontal angular profiles for the two screens
using the 10-LED light source. !

In Figure 8, the LHS’s horizontal and vertical profiles show a greater ﬁnifenni{y in the center
region represented by the rather flat curves. On the other hand, the LSD’s line profile showed a
bell-shaped curve. Gaussian curves were fit to both the vertical and horizontal data using a least



light pattern that over a considerable range resulted in a rather uniform distribution.

The same analysis was repeated for the single LED light source. Figure 9 shows the angular
profiles for the single LED condition. The profiles are similar to the 10-LED condition. A more
prominent flattop line profile for the LHS is noticeable while the LSD maintained its Gaussian
profile. Table 4 has the standard deviation for best Gaussian fit for the LSD line profile shown in
Figure 9.

i

|

-

squares method, and a summary is presented in Table 3. By comparison, the LHS produced a

Figure 6. DEMO 2 unit showing the slide-out holders for the two diffusion
screens and the power supply.

Figure 7. Photbgfaph image of the photodiode, the concave lens and neutral
density setup.
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Figure 8. Line profiles for the horizontal and vertical angular positions versus light intensity.
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Table 3.

Standard deviations for best Gaussian fits to the LSD line profiles shown in Figure 8.
Horizontal Vertical
|  Standard Deviations 9.095 12.47
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Figure 9. Line profiles for 1-LED horizontal and vertical angular positions versus

light intensity.
| Table 4,
Standard deviations for the best Gaussian fits to the LSD line profiles shown in Figure 9.
. Horizontal Vertical
| Standard Deviations 13.20 12.54




Summary and discussion

The Seattle Photonics Light Homogenizing Sheet contained in both DEMO 1 and DEMO 2
produced greater illumination uniformity and light efficiency than did the comparable Light
Shape Diffuser (LSD ™) from Physical Optics Corporation, which represented current
technology. ‘

It is clear from the data presented here that the LHS offers an improved light uniformity
while also increasing light efficiency. Under the conditions of our tests, the LHS in both DEMO
1 and DEMO 2 produced about a 1.7 to 1.9 times greater light efficiency than did the LSD. The
illumination from the LSD screen is best described as a Gaussian distribution as characterized by

well-fit Gaussian curves. The LHS produces a more uniform distribution as seen in Figures 8
and 9. '

It is our conclusion, based on these evaluations and the data presented here, that the LHS

does indeed offer an advantage for applications requiring greater illumination uniformity and/or
light efficiency.




Appendix.

List of manufacturers

Digital Video Camera Company (DVC)
10200 Highway 290 West '
Austin, TX 78736-7735

~ Matrox Electronic Systems
1055 St. Regis

Dorval (Quebec)

Canada H9P 2T4

Melles Griot
2985 Sterling Ct.
Boulder, CO 80301

Physical Optics Corporation
20600 Gramercy Place
Building 100

Torrance, CA 90501-1821

Schneider Optics Inc.
285 Oser Ave.
Hauppauge, NY 11788

Seattle Photonics
7215 Dayton Avenue North
Seattle, WA 98103-5030
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